HbA~1c~ is expressed as National Glycohemoglobin Standardization Program.

Introduction {#ss1}
============

The persistent rise in the proportion of chronic dialysis patients resulting from diabetic kidney disease in Asian countries, including Japan, over the past 20 years has been associated with higher mortality and is widely recognized as a major public health concern[^1^](#b1){ref-type="ref"}. To combat this problem, intensive efforts are underway to clarify the evolving management contributing to the amelioration of the development and progression of diabetic kidney disease. Amongst newly introduced anti‐diabetic agents, inhibitors of the renin--angiotensin system (RAS) with either angiotensin‐converting enzyme inhibitors (ACEi) or angiotensin receptor blockers (ARB), peroxisome proliferator‐activated receptor (PPAR) alpha agonist and, recently, paricalcitol have been reported to prevent the development and progression of diabetic kidney disease[^2--7^](#b2 b3 b4 b5 b6 b7){ref-type="ref"}. However, the residual risk still remains high[^8^](#b8){ref-type="ref"}. In this review, we focus on the reason why a global pandemic of end‐stage renal disease (ESRD) attributed to diabetes has continued, as well as how we can challenge diabetic kidney disease in clinical practice.

Epidemiology {#ss2}
============

The World Health Organization (WHO) estimated that more than 300 million people will have diabetes by 2025[^9^](#b9){ref-type="ref"}, resulting in a pandemic that threatens to collapse socioeconomic recourses. More recently, the Baker IDI Heart and Diabetes Institute estimated that the world prevalence of diabetes among adults (aged 20--79 years) will increase to 7.7%, and 439 million adults by 2030[^10^](#b10){ref-type="ref"}. Similarly, the number of people who have diabetes or who are suspected of having diabetes has increased by 1.6‐fold over the past decade, and this trend is suspected to continue in Japan.

As a result, the number of people who have diabetic kidney disease has increased and diabetic ESRD, in particular, has been the main cause of newly introduced diseases to chronic dialysis since 1998, and the trend is still continuing in Japan[^1^](#b1){ref-type="ref"}. In contrast, although the number of new cases of ESRD with diabetes has increased, the rate of new cases of ESRD requiring dialysis among Americans diagnosed with diabetes fell 35% between 1996 and 2007, according to a study by the US Centers for Disease Control and Prevention[^11^](#b11){ref-type="ref"}. Here, we raise several reasons to explain the discrepancy between Asian and Western countries ([Table 1](#t1){ref-type="table-wrap"}). Increased numbers of patients with diabetes; patients' higher ignorance when receiving treatment; poorly controlled blood glucose, blood pressure and lipids; lower rate of preventable screening for indication of developing diabetic kidney disease; and the aging process could contribute to an increased rate of new cases of ESRD requiring dialysis in Japan. As compared with Western countries, the proportion of patients with diabetes receiving a recommended medical evaluation, such as an annual urinary albumin measurement, has increased from 21.7% in 2000 to 27.2% in 2006 in the Shiga Prefecture, Japan. Furthermore, even in hospitals and clinics where diabetes specialists were taking care of patients, almost half of the diabetic patients were not receiving the measurement of urinary albumin from January 2004 to July 2005[^12^](#b12){ref-type="ref"}. In other words, the measurement of urinary albumin is still neglected in clinical practice, although many clinicians know the importance of albuminuria as an indicator of diabetic kidney disease as well as a sensitive, accessible predictor of cardiovascular risk. In addition, ESRD in Japan has been regarded as a geriatric disorder and the mean age of newly diagnosed ESRD patients with diabetes was 2.5 years older than that in the USA (mean age 65.7 years in Japan vs 63.2 year in the USA)[^1,13^](#b1 b13){ref-type="ref"}, suggesting that the aging process could also contribute to an increased incidence of diabetic ESRD in Japan.

######  Issues in addressing a global pandemic of end stage renal disease attributed to diabetes in Japan

  ------------------------------------------------------------------------------
  Increased numbers of patients with diabetes or suspected of having diabetes
  Patients' higher ignorance receiving diabetes treatment
  Poorly controlled blood glucose, blood pressure and lipids
  Lower rate of screening for indication of developing diabetic kidney disease
  Aging process
  ------------------------------------------------------------------------------

Screening methods for diabetic nephropathy {#ss3}
==========================================

The earliest clinical sign of diabetic kidney disease is an elevated urinary albumin excretion, referred to as microalbuminuria[^14,15^](#b14 b15){ref-type="ref"}. Microalbuminuria is defined as an albumin excretion rate (AER) of 20--199 μg/min in a timed or a 24‐h urine collection (equivalent to urinary albumin creatinine ratio \[ACR\] of 30--299 mg/g creatinine in a random spot sample). Microalbuminuria progresses to overt proteinuria, leading to a decline in renal function defined as glomerular filtration rate (GFR)[^14^](#b14){ref-type="ref"}. Generally, overt proteinuria inexorably progresses to ESRD 6--8 years after the detection of overt proteinuria[^15^](#b15){ref-type="ref"}. Thus, microalbuminuria in diabetic patients has been recognized as a predictor of progression to ESRD. Based on the data from over 5000 patients who were followed from the first diagnosis of type 2 diabetes in The United Kingdom Prospective Diabetes Study (UKPDS), annual transition rates from one stage to another stage of diabetic kidney disease were approximately 2% at each stage[^16^](#b16){ref-type="ref"}. Furthermore, microalbuminuria has been shown to be closely associated with a higher risk for cardiovascular morbidity and mortality[^17--19^](#b17 b18 b19){ref-type="ref"}. Indeed, the cardiovascular mortality in type 2 diabetic patients with microalbuminuria has been reported to be twofold higher than that in patients with normoalbuminuria[^16^](#b16){ref-type="ref"}. Therefore, microalbuminuria is an important therapeutic target to improve the prognosis of renal and cardiovascular risk in diabetic patients.

Therapeutic strategy of diabetic kidney disease {#ss4}
===============================================

Targeting euglycemia {#ss5}
--------------------

Based on landmark clinical trials, intensive regimens of glucose control have been shown to reduce the development and progression of diabetic kidney disease[^20--22^](#b20 b21 b22){ref-type="ref"}. Furthermore, the persistence of microvascular benefits in patients, who were previously intensively treated, was reported in the follow‐up study of The Diabetes Control and Complications Trial (DCCT) in the Epidemiology of Diabetes Interventions and Complications (EDIC) and of the UKPDS, although their glycemic control has been equivalent to that of previous control arm subjects during follow up[^23--25^](#b23 b24 b25){ref-type="ref"}.

Recent trials in patients with more long‐standing type 2 diabetes have also confirmed the benefit of intensifying glucose control on development and/or progression of microvascular complications, including diabetic kidney disease. The Veterans Affairs Diabetes Trial (VADT) showed significant reductions in albuminuria with intensive glycemic control (achieved median HbA~1c~ 6.9%) compared with standard glycemic control, although intensifying glucose control failed to affect other primary and secondary end‐points beneficially[^26,27^](#b26 b27){ref-type="ref"}. The Action in Diabetes and Vascular Disease: Preterax and Diamicron MR Controlled Evaluation (ADVANCE) trial has also shown that intensifying glucose control to achieve a HbA~1c~ level of \<6.5% did provide the benefit of reducing the risk of both the development and progression of diabetic kidney disease[^28^](#b28){ref-type="ref"}. As compared with standard control, intensive control was associated with a significant reduction in new‐onset microalbuminuria by 9%. Furthermore, intensifying glucose control resulted in a significant reduction in renal events by 21%, including new or worsening diabetic kidney disease defined as the development of overt proteinuria, renal replacement therapy or death from renal causes, although the incidence of the doubling of serum creatinine level did not differ. Unfortunately, this study also failed to reduce the incidence of major macrovascular events defined as myocardial infarction, stroke or cardiovascular death with intensive control as compared with standard control. Nevertheless, the reduction in the incidence of diabetic kidney disease might have long term benefits on cardiovascular disease, because diabetic patients with kidney disease have a higher risk of macrovascular disease. However, the results of Action to Control Cardiovascular Risk in Diabetes (ACCORD) showed that the risk of death was increased by near‐normal glycemic control with intensifying treatment as compared with standard control without the reduction of cardiovascular events[^29^](#b29){ref-type="ref"}, although recent analyses from the ACCORD trial have shown that the risk of development of overt proteinuria was 31% lower with intensive therapy at transition and 28% lower at study end than with standard therapy[^30^](#b30){ref-type="ref"}. As reported in the post‐hoc epidemiological analysis of the ACCORD study[^31^](#b31){ref-type="ref"}, we need to pay attention to what the benefit of intensifying glucose control for diabetic patients is. It must be weighed against the risks of intensive glycemic control, including all‐cause and cardiovascular disease‐related mortality, weight gain, and incidence of severe hypoglycemic episodes. Furthermore, a recent subanalysis of the ADVANCE trial clearly showed that severe hypoglycemia was strongly associated with an increased risk of a range of adverse clinical outcomes, including macrovascular and/or microvascular events as well as death[^32^](#b32){ref-type="ref"}.

Intensive glycemic treatment targeting a HbA~1c~ goal level of 6.0% or less could be beneficial for individuals who are younger and have newly diagnosed diabetes. However, a conservative HbA~1c~ targeting the 7% range might be appropriate in older individuals who have established diabetes, cardiovascular disease and major risk factors for cardiovascular disease. Therefore, the goals for managing elderly patients with diabetes, especially type 2 diabetes, should be individualized according to the patient's age, disease stage and other comorbid conditions. Indeed, the American Diabetes Association 2011 recommends a HbA~1c~ level below or around 7% to reduce microvascular and macrovascular complications of diabetes in patients soon after the diagnosis of diabetes[^14^](#b14){ref-type="ref"}.

Blood pressure control with RAS inhibitors {#ss6}
------------------------------------------

Strict blood pressure control of \<130/80 mmHg is universally recommended in patients with diabetes to lower incidences of stroke, heart failure, diabetes‐related death, retinal photocoagulation and to reduce the risk of micro‐ or overt proteinuria. In the recent ADVANCE study, the reduction of blood pressure from 140/73 mmHg (control group) to 136/73 mmHg (indapamide--perindopril group) was shown to reduce the risks of a major macro‐ or microvascular (mostly new microalbuminuria) event, death from cardiovascular disease and death from any cause after 4.3 years of follow up[^33^](#b33){ref-type="ref"}, extending the early findings of the UKPDS[^34^](#b34){ref-type="ref"} to an even lower blood pressure. Therefore, targeting blood pressure \<130/80 mmHg appears to be appropriate in type 2 diabetics to fight against the development and progression of diabetic kidney disease[^35^](#b35){ref-type="ref"}.

In diabetic patients with microalbuminuria or overt proteinuria, RAS inhibitors play a pivotal role in the prevention and treatment of diabetic kidney disease. Landmark studies with type 1 and type 2 diabetic patients at various stages of diabetic kidney diseases have well provided the clinical evidence that treatment with RAS inhibitors did slow the progressive decrease in GFR, reduce proteinuria and microalbuminuria, prevent progression from one stage of diabetic kidney disease to others, and reduce cardiovascular mortality and morbidity as shown in [Figure 1](#f1){ref-type="fig"}[^36--47^](#b36 b37 b38 b39 b40 b41 b42 b43 b44 b45 b46 b47){ref-type="ref"}. As described in the next section, recent studies have shown the effectiveness of ARB, not only to reduce the progression of diabetic kidney disease to ESRD, but also to revert the progressive course. Its achievement resulted in a long‐term stabilization of renal function and cardiovascular protection.

![ Landmark studies showing the effectiveness of renin--angiotensin system inhibitors on diabetic kidney disease, and cardiovascular mortality and morbidity.](jdi-2-248-g1){#f1}

Dual RAS blockade with ACEi and ARB might be more effective in reducing proteinuria compared with monotherapy in patients with diabetic kidney diseases. Based on the Ongoing Telmisartan Alone and in combination with the Ramipril Global Endpoint Trial (ONTARGET), although combination therapy with ramipril and telmisartan reduces proteinuria than monotherapy, it worsens major renal outcomes including dialysis, doubling of serum creatinine and death[^48,49^](#b48 b49){ref-type="ref"}. Thus, combination RAS blockade should not be used in diabetic patients, especially elderly type 2 diabetic patients with normo‐ and/or microalbuminuria. First, ACEi or ARB should be used and their dosage should be increased to obtain an optimal anti‐albuminuric and/or proteinuric response. Combination treatment with both ACEi and ARB should be prescribed by a nephrologist, and given to those patients with overt proteinuria and/or massive proteinuria despite the use of maximum dosages of ACEi or ARB. In those diabetic patients, monitoring of renal function is needed, and the treatment should be stopped in the event of acute kidney injury, low blood pressure and/or high potassium level. However, the effect of combination treatment with aliskiren and ARB in type 2 diabetic patients with overt diabetic kidney disease was recently reported[^44^](#b44){ref-type="ref"}. In the Aliskiren in the Evaluation of Proteinuria in Diabetes (AVOID) study, 599 patients with diabetic kidney disease with overt proteinuria were treated with losartan 100 mg, followed by the addition of a placebo or aliskiren (300 mg). As a result, treatment with 300 mg of aliskiren daily reduced the mean urinary ACR by 20% as compared with the placebo, with a reduction of 50% or more in 24.7% of the patients who received aliskiren as compared with 12.5% of those who received the placebo. At present, the Aliskiren Trial in Type 2 Diabetes Using Cardio‐Renal Endpoints (ALTITUDE) to confirm the effectiveness of combination treatment with either an ACEi or an ARB plus aliskiren on both renal and cardiovascular events is ongoing, in which diabetic patients with proteinuria and a history of cardiovascular disease were enrolled[^50^](#b50){ref-type="ref"}.

Although RAS inhibitors have become the mainstays of treating established diabetic kidney disease[^51^](#b51){ref-type="ref"}, the beneficial effects of these agents on the early phases of diabetic kidney disease is unclear. If hypertensive diabetic patients have normoalbuminuria, how should we treat them? Recent studies have reported the negative results of treatment with RAS inhibitors. Bilous *et al.*[^52^](#b52){ref-type="ref"} examined the effect of candesartan on microalbuminuria and albumin excretion rates, either before renal disease began or in its earliest stages based on data from the Diabetic Retinopathy Candesartan Trials (DIRECT) randomized trials. The incidence of microalbuminuria in type 1 diabetes was 5% in both the candesartan and placebo groups, and that of microalbuminuria in type 2 diabetics was 12% in the candesartan group compared with 13% in the placebo group. Candesartan failed to prevent microalbuminuria in these diabetic patients. Mann *et al.*[^53^](#b53){ref-type="ref"} also examined the long‐term renal effects of another ARB, telmisartan, in adults who were intolerant to ACEi, but had a high risk of vascular disease without albuminuria at baseline. Although treatment with telmisartan significantly reduced the risk for new microalbuminuria, overt proteinuria, or both, the reduction in albuminuria was not associated with less progression of renal disease, including dialysis or doubling of serum creatinine. Therefore, to decide whether we need to use RAS inhibitors in hypertensive and diabetic patients, the degree of the patient's vascular and renal risk must be assessed in addition to taking into account the efficacy on the functions of the cardiovascular system and diabetic kidney disease.

Remission and regression of early stage of diabetic kidney disease and cardio‐renal protection {#ss7}
==============================================================================================

We carried out a prospective observational follow‐up study including a total of 216 Japanese type 2 diabetic patients with microalbuminuria[^54^](#b54){ref-type="ref"}. In our study, we used the definition of remission/regression of microalbuminuria similar to that of the Perkins *et al.* study[^55^](#b55){ref-type="ref"}. The remission was defined as a shift of the AER from microalbuminuria to normoalbuminuria, and the regression was defined as a 50% reduction in the AER from baseline. The 6‐year cumulative incidence of progression from microalbuminuria to overt proteinuria was 28% (95% CI 19--37), whereas those for remission and regression were 51% (95% CI 42--60) and 54% (95% CI 45--63), respectively ([Figure 2](#f2){ref-type="fig"}). In the pooled logistic regression analysis, each modifiable factor was trisected according to the number of patients and was applied as three categories in the analysis. The results showed that microalbuminuria of short duration, the use of RAS blockades, a HbA~1c~ level of \<7.35%[^56^](#b56){ref-type="ref"} and lower systolic blood pressure \<130 mmHg were identified to be independent factors associated with remission/regression of microalbuminuria. Angiotensin‐II receptor blockers have also been shown to induce remission and regression of microalbuminuria in Japanese type 2 diabetic patients[^40,41^](#b40 b41){ref-type="ref"}. In the Shiga Microalbuminuria Reduction Trial, 150 patients with microalbuminuria were randomly assigned to either the valsartan group or the amlodipine group and followed for 24 weeks. During the study, levels of blood pressure were similar in both groups. However, the frequency of patients who achieved remission or regression of microalbuminuria was significantly higher in the valsartan group than in the amlodipine group (remission 23 vs 11%, *P *=* *0.011; regression 34 vs 16%, *P *=* *0.008)[^40^](#b40){ref-type="ref"}. In another Japanese Incipient to Overt: Angiotensin II Blocker, Telmisartan, Investigation on Type 2 Diabetic Nephropathy (INNOVATION) study, microalbuminuria remission at final observation occurred in 21.2% of patients with 80 mg of telmisartan, 12.8% of patients with 40 mg of telmisartan and 1.2% of patients with a placebo (both telmisartan doses vs placebo, *P *\<* *0.001)[^41^](#b41){ref-type="ref"}. In addition, patients receiving 80 or 40 mg of telmisartan achieved superior renoprotection, shown by lower transition rates to overt nephropathy, compared with the placebo[^41^](#b41){ref-type="ref"}. Taken together, these results strongly indicate that RAS blockade by using ARB not only prevent the progression of microalbuminuria to overt proteinuria, but also induce remission and regression of microalbuminuria in Japanese type 2 diabetic patients.

![ A prospective observational follow‐up study including a total of 216 Japanese type 2 diabetic patients with microalbuminuria was carried out to follow the change of stage of microalbuminuria for 6 years. The remission was defined as a shift of the albumin excretion rate (AER) from microalbuminuria to normoalbuminuria, and the regression was defined as 50% reduction in the AER from baseline.](jdi-2-248-g2){#f2}

Similar to ours, the Steno‐2 study also reported that a high proportion of patients with microalbuminuria returned to normoalbuminuria with a multifactorial intervention in 151 type 2 diabetic patients with microalbuminuria[^57^](#b57){ref-type="ref"}. After a mean of 7.8 years of follow up, 46 (31%) patients returned to normoalbuminuria, 58 (38%) patients still had microalbuminuria and 47 (31%) patients progressed to overt proteinuria. Lower HbA~1c~, starting antihypertensive therapy and starting RAS inhibitor drugs during the follow up were independently associated with the remission of microalbuminuria. Recent analysis, especially regarding the effect of lowering blood pressure, clearly showed that more than half of all type 2 diabetic patients with microalbuminuria and macroalbuminuria returned to normoalbuminuria with any blood pressure lowering drugs in the ADVANCE study[^58^](#b58){ref-type="ref"}. However, more patients assigned to perindopril--indapamide treatment than those assigned to placebo treatment achieved remission to normoalbuminuria[^58^](#b58){ref-type="ref"}.

To explore the clinical impact of a reduction of microalbuminuria, we expanded the follow up by a 2 years beyond our previous study[^54^](#b54){ref-type="ref"} and examined whether remission and regression of microalbuminuria could translate into risk reduction of renal and cardiovascular events[^59^](#b59){ref-type="ref"}. The primary evaluation consisted of combined incidence defined as cardiovascular death, and first hospitalization for renal and cardiovascular events. A secondary evaluation was the kidney function as determined by the annual decline rates of estimated GFR (eGFR). During the 8‐year follow‐up period, a total of 47 patients experienced primary renal and cardiovascular events. The number of first occurrences of outcomes in subgroups, who achieved remission of microalbuminuria, was 11 events and 36 events in the non‐remission group. The pooled logistic analysis adjusted by sex, age, the initial AER levels, a history of cardiovascular disease, current smoking, HbA~1c~, total cholesterol, blood pressure, the use of RAS inhibitors, the use of lipid lowering drugs and body mass index (BMI) showed that the risk for outcomes in patients, who achieved remission, was 0.25 (95% CI 0.07--0.87) as compared with those whose microalbuminuric stage did not change during the follow up, whereas that in patients who progressed to overt proteinuria was 2.55 (95% CI 1.04--6.30) ([Figure 3](#f3){ref-type="fig"}). Even though failing to achieve the remission, the number of the first occurrences of outcomes in subgroups stratified by a 50% reduction of urinary albumin excretion was 12 events in the regression group and 35 events in the non‐regression group. The Kaplan--Meier estimation showed that the cumulative incidence of evaluated events was significantly lower in the regression group than in the non‐regression group. The 8‐year cumulative incidence of these outcomes in the regression group showed a 59% decrease compared with the non‐regression group. The adjusted risk for outcomes in patients who achieved the regression was 0.41 (95% CI 0.15--0.96) as compared with those whose microalbuminuric stage did not achieve the regression during the follow up.

![ A prospective observational follow‐up study including a total of 216 Japanese type 2 diabetic patients with microalbuminuria was carried out to explore the clinical impact of remission and progression of microalbuminuria. The primary evaluation consisted of combined incidence defined as cardiovascular death and first hospitalization for renal and cardiovascular events. The pooled logistic analysis adjusted by sex, age, the initial albumin excretion rate levels, a history of cardiovascular disease, current smoking, HbA~1c~, total cholesterol, triglyceride, high‐density lipoprotein cholesterol, systolic blood pressure, diastolic blood pressure, the use of renin--angiotensin system inhibitors, the use of lipid lowering drugs and body mass index showed that the risk for outcomes in patients, who achieved remission, was 0.25 (95% CI 0.07--0.87) as compared with those whose microalbuminuric stage did not change during the follow up, whereas that in patients, who progressed to overt proteinuria, was 2.55 (95% CI 1.04--6.30).](jdi-2-248-g3){#f3}

As suspected, the annual decline rate of eGFR in the progression group (median −4.2 mL/min/year) was significantly faster than in the non‐change group (−2.4 mL/min/year), whereas the annual decline rate of eGFR in the remission group was significantly slower, −1.1 mL/min/year, which is almost identical with the decline rate by normal aging reported in healthy people[^60^](#b60){ref-type="ref"}. The effect of reducing microalbuminuria on kidney function was also reported in the Steno‐2 study aforementioned[^57^](#b57){ref-type="ref"}. The patients who reverted to normoalbuminuria had an eGFR decline of 2.3 mL/min/year; however, those who still had microalbuminuria lost 3.7 mL/min/year of eGFR, and those who progressed to overt proteinuria showed the highest decline in eGFR of 5.4 mL/min/year. These results show that the remission of microalbuminuria is closely related to the improvement of renal function in the long term.

Conclusion {#ss8}
==========

A reduction of microalbuminuria in diabetic patients occurs more frequently than we expected. Physicians have to take care of diabetic patients with an aggressive multifactorial management plan as early as possible after the development of microalbuminuria ([Table 2](#t2){ref-type="table-wrap"}). The clinical target, which is important and effective for diabetic kidney disease, is to achieve the remission and/or regression of microalbuminuria. Furthermore, reducing microalbuminuria results in a risk reduction of not only renal, but also cardiovascular events.

######  Option in therapy targeting the remission and regression of microalbuminuria

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Screening of microalbuminuria and its early detection
  Blood pressure control with the use of renin--angiotensin system blockades with hypertension and micro‐ and or macroalbuminuria; systolic blood pressure \<130 mmHg
  Good glycemic control; HbA~1c~ \<7.35% (expressed as National Glycohemoglobin Standardization Program)
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------
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